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Abstract

It is argued that Ludwig Boltzmann was, along with Newton and 
Maxwell, one of the three greatest theoretical physicists of classical 
times. It is less generally known that he was also a powerful realist- 
materialist philosopher and a keen opponent of Ernst Mach's positivism 
and of the philosophical idealism of Berkeley, Hegel and Schopenhauer. 
Boltzmann was also opposed to Kant. Moreover, he had a lively interest 
in biology and especially in Darwinian evolution, and he should be 
taken as one of the founders of biophysics. Boltzmann discussed the 
origin of life and of the mind. Finally, he also was a most vigorous, 
colourful and attractive person.



Since the last war the name of the physicist Ludwig Boltzmann has 
become increasingly known even among non-physicists. However, what Boltz
mann’s exceptional achievements actually consist of has remained largely 
unknown among the general public. The intention of this paper is to lay 
out, in easily understandable form, the epoch making nature of Boltz
mann’s achievements.

Boltzmann was one of the greatest scientists of all times and nations. 
Already during his lifetime he was widely admired in Europe and America.
The more time has passed the greater has the international impact of his 
work become. This is reflected also in the rapidly growing number of 
writings on Boltzmann, which appear in many languages. They evaluate 
Boltzmann as a physicist, as a philosopher and as a man.

There were no dramatic changes in his life. He was born at Vienna 
in 1844 into the family of a civil servant, which later moved to Weis 
and Linz. His father died early and his mother devoted all her attention 
to bringing up her son. He studied physics and mathematics at Vienna 
University under the well-known Josef Stefan. Stefan was a fine scientist, 
and also a loveable person. Having begun as the son of illiterate Carinthian 
peasants of Slovene mother tongue, he ended as Vice-President of the 
Imperial Academy of Sciences at Vienna.

In 1867 Boltzmann became a Docent at Vienna University, and in 1869 
the Professor of Mathematical Physics at Graz. After he had again taught 
- mathematics - from 1873 till 1876 in Vienna, he returned to Graz, this 
time as an experimental physicist. The years at Graz were probably the 
happiest of his life. In 1890 he went to Munich as Professor of Theore
tical Physics. In 1894 he returned to his home University to succeed 
Josef Stefan. He stayed there, except for the period from 1900- 1902, 
which was spent at Leipzig, until his death in 1906. In his last Vienna 
years he lectured not only on physics, but in 1903 he also took over 
from Ernst Mach, who had fallen ill, his lectures on natural philosophy.

Boltzmann's personality struck everyone he met. In appearance robust 
and vigorous, he was beloved and even worshipped by colleagues and students, 
while his opponents in science and philosophy feared his uncompromising 
and sharp polemics. He was warmhearted, wished everyone well, and loved



beauty - music, drama and nature. It was in tune with his own character 
to admire not only Mozart, Goethe and Shakespeare but particularly 
Beethoven and Schiller, without whom, as he wrote, there may have been 
somebody with same beard and the same nose, but would never have been 
the same "me". •

Boltzmann's wonderful humour could also bite. When a pedantic German 
professor of mechanics in a textbook had written that among deformable 
bodies there is only one that can achieve its deformation consciously 
("this is man. Because Boltzmann noted in the margin of the book
"A pig can also deform its body consciously but such rubbish can indeed 
only be written by man". For a lecture on Schopenhauer in 1905 he proposed 
as a title: "Proof that Schopenhauer is a mindless, ignorant philosophaster, 
who degenerates the heads from bottom up and for all time through empty 
word trash". These were the very words that Schopenhauer himself had used 
against Hegel.

Boltzmann was a physical experimentalist of exceptional skill. Thus 
be established important relationships between electrical and optical 
properties of matter, namely, dielectric constant and refractive index. 
However, his greatest achievements lay in theory, and he always proudly 
considered himself as a theoretician.

Boltzmann's theoretical work has two starting points: first, the 
then new thory of the electromagnetic field that had been proposed by the 
Scot, James Clerk Maxwell, who had also shown that light is composed of 
electromagnetic waves. Along with Stefan and Hermann von Helmholtz, Boltz
mann was the leading fighter in Central Europe for these ideas of Maxwell.

Secondly, and above all, Boltzmann concentrated on thermodynamics.
Here he developed the mechanical theory of heat. This had older roots 
but became widely recognized only in the middle of the 19th century, 
after the Law of Conservation of Energy (First Law of Thermodynamics), 
postulated by J.R. Mayer, J.P. Joule and Helmholtz, had become established 
as a general natural law. According to this theory heat is due to the 
movement of the smallest units of all matter then believed to exist, the
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atoms.
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The concept of atoms had been put forward two and a half millenia 
years ago by the Greek philosopher Demokritos, and supported by Epikuros 
and Lucretius as well as by many thinkers of later times. Modern chemistry 
from Dalton onward is also based on the idea of atoms. However, for 
thousands of years the ideas of Demokritos were opposed by some as being 
godless. The influential philosophers Plato and Aristoteles were among 
the adversaries. As late as 1624 the kings of France threatened teachers 
of atomism with the death penalty.

In the 19th and in the 20th century atomic theory was still rejected 
by many physicists, among them Ernst Mach at Prague, after 1895 Boltzmann's 
Vienna colleague as a Professor of Philosophy, and also by young Max Planck, 
who was long under Mach’s influence. It is astonishing that even the 
enormously active physical chemist Wilhelm Ostwald, otherwise a meritorious 
man, rejected atoms until 1908, i.e. up to the point when the correctness 
of Albert Einstein’s atomistic theory of Brownian movement was demonstrated 
by Jean Perrin in Paris. We shall return to Brownian movement later. Mach 
never recanted. By the way, during the whole 19th century none of the 
major French physicists had been an atomist. One of their leaders, Pierre 
Duhem, was a prominent foe of atomism.

Boltzmann himself was one of the most energetic proponents of the 
atomic theory. In 1897, when the chances of atomism looked dim, he wrote, 
alluding to Galileo: "I believe in molecules (and therefore also in atoms. 
E.B.), and I can simply say: and yet they move." In his atomism Boltzmann 
was supported by his teacher Josef Stefan and his older friend Josef 
Loschmidt, likewise a professor at Vienna. Loschmidt was incidentally the 
first scientist who took atomic theory seriously in so far as he dared 
to assess the approximate size of atoms quantitatively; Loschmidt found 
approximately correct-values. Stefan saw to it that antiatomism did not 
penetrate the physics department of Vienna University. Mach could obtain 
a chair in philosophy only.

Continuing Maxwell's work in the mechanical theory of heat, Boltzmann 
worked on the distribution of energy among the atoms of gases ("kinetic 
gas theory"). The atoms within a gas have different velocities and there
fore also different energies, even after equilibrium has been reached.
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Further fundamental research, in 1872, related to the transport of matter 
and energy in a gas which is not yet in an equilibrium state. This work 
led to Boltzmann’s greatest achievement, namely, the probabilistic ex
planation of the Second Law of Thermodynamics, the entropy law, in 1877.
The branch of physical science, which was made possible by this achieve
ment by Boltzmann, who had built on foundations laid by Maxwell, was later 
called Statistical Mechanics. Boltzmann accepted this term, coined by 
Willard Gibbs.

Through his explanation of the entropy law Boltzmann understood the 
basis of the processes involving the mutual transformations of heat and 
work. Of course, they include the processes in stars and in the terrestrial 
atmosphere, the processes in the cells of living beings and the processes 
occurring in the metallurgical and chemical industries. Through the entropy 
law it is explained why not all processes that are compatible with the 
First Law actually occur. Clausius at Bonn had shown that only those 
processes are observed where a particular, precisely defined, physical 
magnitude within the observed system increases. This is what in 1865 he 
called entropy. This statement is one form of the Second Law of Thermo
dynamics ,

For instance, coffee and milk mix when in contact, but white coffee 
does not spontaneously separate into its components. The reason is that 
the entropy of white coffee exceeds the sum of the entropies of coffee 
and milk. Likewise, hot and cold water mix, but the inverse process does 
not occur by itself.

Clausius had dealt, in a strikingly successful way, with directly 
observable phenomena. However, his theory did not explain entropy. It 
was Boltzmann who on the basis of atomism showed that the entropy of a 
system is a measure of the probability with which the atoms group together 
in such a way that the macroscopic system, as observed, arises. Since the 
atoms within any undisturbed system have the tendency to arrange them
selves in the most probable way, all systems tend to increase their 
entropies. For example, it is far more probable that milk and coffee 
particles will occur randomly in any part in a cup than that they will 
sparate neatly and thus taka over an "orderly" state.



We can generalize by stating that entropy is disorder. The formula 
expressing this fundamental facts in essence established by Boltzmann,
S = k-log W, was given this, the simplest, form by Planck. The equation 
may be found on Boltzmann's beautiful gravestone, carved by Gustinus 
Ambrosi, in the Central Cemetery of Vienna. S stands for entropy, W 
("Wahrscheinlichkeit") for the probability of the realization of the given 
system, log indicates the logarithm, and k is "Boltzmann's constant", as 
defined by Planck.

Boltzmann's basic idea was wonderfully simple but the quantitative 
derivation needed a tremendous intellectual effort in probability calcul
ations, i.e. in the application of statistics. On the basis of atomic theory 
it is now possible to predict which processes involving heat will occur 
anywhere, be it in heavenly bodies, in the atmosphere of the Earth, in 
factories or in living beings, and which will not. The energy yield of 
heat engines nos can also be theoretically determined. Thus it is seen 
that Boltzmann’s work has also had enormous influence on, and value for, 
the economy. Be it noted that Boltzmann was an eloquent admirer of 
technology. He spoke with enthusiasm of the engineers and their achieve
ments. He was happy whenever he found that theory could serve practice.
He was the real, original, author of the often used expression: "What could 
be more practical than a good theory?"

The fact that probability is not certainty means that the new ex
planation of the Second Law of Thermodynamics also leads to the possibility 
of breaking this law. Indeed such "antientropic" events must take place; 
but the greater the deviation from the state of maximal probability, the 
rarer the occuurence of such a breach. Boltzmann himself considered such 
events in grandiose cosmological speculations, i.e. in thoughts about 
the Universe. However, he was not to know that Albert Einstein in 1905 
at Berne, and soon afterwards, and independently, Marian von Smoluchowski 
at Lvov gave evidence that "fluctuations" due to such a breaking of the 
Second Law really occur on Earth. Smoluchowski had been Stefan's and 
Boltzmann’s student at Vienna. .

These fluctuations express themselves in Brownian motion, known 
since 1827, but long unexplained. The Scottish botanist Robert Brown had
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observed that microscopic particles suspended in water perform a cease
less dance. This is due to invalidity of the Second Law in smallest 
domains. Random collisions with atoms from different sides produce ir
regular movements of the visible particles. This occurs although the 
most probable result is that these collisions cancel out. Only in this 
case entropy would reach its maximum. Jean Perrin showed that the amount 
(speed) of Brownian movement agrees in quantitative terms with Einstein’s 
equations, derived on the basis of Boltzmann’s atomistic concepts.

After Boltzmann's death his work in theoretical physics was continued 
by his students. Among the first and the second generation of his followers 
were Fritz Hasenohrl, Marian von Smoluchowski, as mentioned before, Paul 
Ehrenfest, Erwin Schrodinger, Hans Thirring, Lise Meitner and the 
scientists of the Vienna Radium Institute, including Karl Przibram.
Ehrenfest in 1912 became the successor of H.A. Lorentz at Leyden, and 
Schrodinger in 1927 the successor of Planck at Berlin. Meitner likewise 
moved to Berlin. Smoluchowski, who had come from a Polish family, held 
chairs at the Universities of Lvov and Cracow. The Swede, Svante Arrhenius, 
and the German, Walther Nemst, had been Boltzmann's students already at 
Graz. Boltzmann also had a strong influence on Planck and Einstein although 
they did not directly belong to his school. In their famous papers in 
1900 and 1905, respectively, they used Boltzmann's statistics in establish
ing quantum theory.

From Boltzmann’s physical thinking there is also a direct thread to 
his philosophical views. Mach was one of the founders of recent positivism. 
He thought that no conclusions about a world independent of the subject 
can be drawn on the basis of one's "complexes of sensations" (sense im
pressions). If carried through consistently, Mach's views lead to solipsism. 
They also form the basis of his rejection of atomism. On the contrary, 
according to Boltzmann the existence of the external world, independent 
of the thinking subject, is to be concluded from the fact that the ob
servations of the same person at different times, or of different persons, 
always lead to much the same results, independently of the methods applied. 
Nor exists serious doubt about the real existence of objects that are 
spatially or temporally out of reach, e.g. of unseen stars. Therefore
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Boltzmann rejected Mach's view that the aim of science could be merely 
the economical ordering of sense perceptions. "Economy of thought" is as 
little the final aim of science as parsimony is the final aim of economic 
life:

"Mach ... claims directly that the aim of science is only worksaving. 
Noticing that in business the greatest saving is to be desired, this can 
with almost the same justification be explained simply as the aim of the 
stalls and of money, which indeed in a certain sense would be correct. 
However, one will not like to call mere economy the determination of 
distances, movements, size, physical and chemical composition of stars, 
the invention of microscopes and the discovery of the causes of our dis
eases therewith."

In philosophy, Boltzmann was opposed not only to Mach's positivism, 
but also to the subjective or objective idealism of Berkeley, Kant and 
Hegel. Usually he called his own philosophy realism, but shortly before 
his death he used the term materialism. In his lecture directed against 
Schopenhauer, given in 1905 to the Philosophical Society at Vienna 
University, he said:

("Subjective E.B.) idealism claims only the existence of the ego, 
the existence of different images, and on this basis tries to explain the 
material world. Materialism takes matter as the starting point, and tries 
to explain sensations on this basis."
According to Boltzmann sensations and thoughts in animals and in particular 
in man are adapted to the real world:

"The brain can be considered as an apparatus or an organ to form a 
picture of the world. Because of the great usefulness of these pictures 
for the survival of the species, according to Darwinian theory the brain 
developed in man to special perfection, just as the neck in the giraffe 
or the beak in the stork developed to unusual length ... The mental pro
cesses are identical with certain material processes in brain (realism)." 
The evolutionary theory of knowledge, so much discussed nowadays, goes 
back to Boltzmann, a fact that regrettably remains largely unrecognized.

Boltzmann's considerations of this kind were probably at the bottom 
of his intense interest in evolutionary biology. With enthusiasm he greeted 
Darwin's monumental work that gave a scientific explanation of the diversity 
and of the characteristic properties of the living world. For a long time 
Darwin's theory was rejected by the churches and other conservative circles, 
and even today opposition to it is met. In USA, "Creationism" raises its 
ugly head. Boltzmann threw the whole weight of his influence behind the 
theory:
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"If you ask me for my inner opinion, whether our century will be 
called the century of iron, the century of steam or electricity, I can 
answer without any hesitation that this will become the century of 
Darwin."

. Boltzmann even compared the enemies of Darwin to oxen. Ever since 
Pythagoras in gratitude for the disclosure of his theorem sacrificed 
600 oxen to the gods, the oxen make terrible noises whenever a new truth 
approaches. The theory of Darwin is the new theorem of Pythagoras, Boltz
mann said.

Boltzmann also made important contributions to the solution of
fundamental problems in biology, and he may consequently be considered
as one of the founders of biophysics. Thus he considered how the first,
primitive, living beings developed from non-living matter through variation
and selection. Such studies on the origin of life are now common, and we
speak of "chemical evolution". Boltzmann said:

"The hypothesis may be put forward that groups of atoms developed 
that were able to multiply by forming similar complexes around themselves. 
Among greater masses thus formed were those fittest for life that could 
reproduce by division, then those which had an inborn tendency to move 
to places with more favourable living conditions. This was greatly enhanced 
by susceptibility to external influences, chemical composition, the move
ment of the surrounding medium, light and shade, etc."

Boltzmann also showed how plants, in building up their bodies, i.e. 
"improbable" structures, from simple components maintain themselves in 
the struggle for survival. They do so by fighting against the increase of 
entropy in their bodies by means of sunlight. Schrodinger expressed this 
fact in 1945 in his famous book "What Is Life?" by saying that the plants 
compensate for the inevitable increase in entropy by making use of the 
negative entropy that is made available by the transition of the short
wave, entropy-poor, radiation from the Sun into the dark, entropy-rich, 
heat radiation from the Earth. But Boltzmann already had written in 1886:

"The whole struggle for existence of living beings is therefore not 
a fight for elements ... nor for energy which is found in the form of 
heat, unfortunately not transformable, in each body in great amounts, but 
is a fight for entropy, which is made available by the passage from the 
hot Sun to the cold Earth. To exploit this transition as far as possible, 
the plants spread out the enormous areas of their leaves and thus in a way 
as yet unexplained they force the solar energy to carry out, before it falls 
to the temperature level of the Earth, chemical syntheses, about which we 
in our laboratories still do not know anything. The products of this 
chemical kitchen become objects in the struggles among animals."
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As has been seen, Boltzmann also considered how the laws of thought 
evolved. Along similar lines he pondered how the human feelings for the 
beautiful and the good, i.e. the objects of aesthetics and ethics, developed 
in evolution. Again he invoked Darwin's teachings. While these views of 
Boltzmann are interesting and even inspiring, it must be admitted that his 
distinction between biological and sociocultural evolution, i.e. between 
genetic change, on the one hand, and by change by transmission of ideas, 
on the other hand, was not always clear.

In 1904, Boltzmann also carried out a most lively public controversy 
with his friend Ostwald on the essence of happiness. Boltzmann held that 
the feeling of happiness indicates the optimal condition of the organism, 
and that this is why it is sought. It is a feeling that evolved in human 
ancestry in the animal kingdom during the ages.

But the time bomb was ticking. The relationship of Boltzmann to his 
social environment became increasingly problematic. True, professionally 
and scientifically he was very successful. He loved his country with its 
beautiful nature and its artistic traditions; while by no means he was a 
nationalist, he was a fervent Austrian patriot. However, Boltzmann's lack 
of compromise in standing up for unpopular views as well as his neglect 
of social rules brought him some difficulties. What in 1887 he said as 
Rector at the University of Graz surely did not everywhere make him popular:

" "Don't we hear today louder than ever the shouting of all obscurantists, 
of all enemies of freedom of thought and science, against the new theorem 
of Pythagoras, the teachings of Darwin? But good for us. It is the storm 
that heralds the coming of spring. ... But until then arm for the bitter, 
bloody, struggle. Though it is not fought out with powder and lead, it 
has destroyed thousands, thousands of the noblest."

Moreover, in the empire of the Habsburg bad marks were sure for 
Boltzmann when he spoke about the enthusiastic love of freedom of Cato,
Brutus and Verrina, when thereafter he said that we would like to see 
"our sons read Plutarch and Schiller and be pleased with the words and 
deeds of enthusiastic Republicans", and when he cited his beloved Schiller 
with approval in stating: "Freedom breeds giants." ~

Sensitive as he was, Boltzmann suffered from the opposition against
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his atomistic, realist-materialist, Darwinist and republican views. Twice 
he accepted chairs in Germany and twice he came back to Vienna, into in
creasing isolation. In his correspondence with Ostwald before the move 
to Leipzig Boltzmann rejected the spirit that now developed in Vienna, 
especially narrow-minded nationalism. Boltzmann’s health also deteriorated. 
He suffered from asthma and "neurastheny", eyesight and memory were poor. 
Apparently it was a combination of circumstances that thrust Boltzmann 
into suicide at Duino near Trieste on September 5th, 1906, after upsetting 
events without significance.

To conclude, let us see why Ludwig Boltzmann, together with Isaac 
Newton and Clerk Maxwell, should be looked at as one of the three greatest 
representatives of classical theoretical physics. While all three in
tellectual giants did work in several fields, each of them compactly ex
plained and made understandable, in terms of carefully selected principles, 
one particular area of knowledge of extreme importance. Newton gave 
mechanics such a secure basis that it was not necessary to modify it till 
Einstein. By his field theory Maxwell unified the phenomena of electricity 
and magnetism, and he thereby also showed that light consists of electro
magnetic waves. It stands out that both physicists by their achievements 
also met practical needs. In the life time of Newton accurate celestial 
mechanics became an ever more urgent need for navigation, and strong 
terrestrial mechanics became necessary for engineering. In following up 
the results of Faraday’s experiments Maxwell provided a theory that made 
possible electrical technology, both for power production and for inform
ation transfer.

In an analogous way Boltzmann, through his atomistic-probabilistic 
interpretation of entropy, completed the theory of heat and work in so 
far as this was possible at all within the framework of classical physics. 
Thereafter new scientific predictions became possible, and again urgent 
needs of the economy were met, namely, those of the era of steam engines 
and of large-scale chemical and metallurgical industry. Moreover, the 
energy metabolism in biology and medicine could now be understood.

Newton perceived and analyzed the inertial and gravitational forces, 
Maxwell the forces of electricity and magnetism, and Boltzmann the forces
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resulting from the tendency toward molecular disorder, as expressed 
through entroy.

Based on Boltzmann's ideas, new branches of theory and practice 
developed decades after his death. Physicists and communication engineers 
have found a very deep inverse relationship between the statistical 
equivalent of entropy, i.e. the probability of a certain state, and the 
information about this state. Expressed simply: the less likely a given 
piece of information, the greater its value. Every journalist knows this! 
The philosophical basis of the relationship has not yet been totally 
fathomed, but in telegraphy, telephony and computer technology Boltzmann’s 
equations are applied for optimal transmission of information.
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Short Selection of Writings by and on Boltzmann (for Non-physicists)

Wissenschaftliche Abhandlungen von Ludwig Boltzmann, Ed. F. Hasenohrl, 
Leipzig 1909

L. Boltzmann, Populare Schriften, Leipzig 1905. A selection was issued 
with an introduction by E. Broda, Braunschweig 1979. Also in 
Romanian.

Ludwig Boltzmann, Articles and Lectures (Russ.), Moskau 1970. A selection, 
also with contributions by Ehrenfest, Lorentz, von Laue, 
Bogoljubov, L. Flanan and others.

L. Boltzmann, Theoretical Physics and Philosophical Problems. Selected
Writings. B. McGuinness, Ed., Dordrecht 1974. Preface by 
S.R. de Groot.

E. Broda, Ludwig Boltzmann - Mensch, Physiker, Philosoph, with a preface 
by H. Thirring, Vienna 1955. Also in Japanese. English edition 
to appear in 1982.

R. Dugas, La theorie physique au sens de Boltzmann, Neuchatel-Paris 1959.

S. G. Brush, Ludwig Boltzmann (1844-1906), in: Dictionary of Scientific
Biography (Scribner), New York 1969,

E.G.D. Cohen/W. Thirring, Eds., The Boltzmann Equation, Vienna 1973.
Most contributions are understandable only by physicists. 
Exception are those by D. Flamm, E. Broda, M. Klein and 
K. Przibram. .

M. O. Rospopovic, Ludvig Bolcman u fizici i filozofii, Belgrade 1978.
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List of Publications on Boltzmann by the Present Author

E. Broda, Ludwig Boltzmann, Mensch-Physiker-Philosoph, Deuticke, Vienna
1955. Also in Japanese and (later in 1982) in English.

E. Broda, Philosophical biography of Ludwig Boltzmann, in: E.G.D. Cohen
and W. Thirring, eds. The Boltzmann Equation, Springer, Vienna
1972.

E. Broda, Boltzmann, Einstein, natural law and evolution, Comp. Biochem.
Physiol. 67B, 373 (1980).

E. Broda, The intellectual quadrangle Mach-Boltzmann-Planck-Einstein,
CERN Report 81-10, 1981.

E, Broda, Ethics and evolution in Boltzmann’s and Einstein’s thought, in:
M. Kageyama et al., Ed., Science and Scientists, Reidel,
Dordrecht 1981.

E. Broda, The interaction of Boltzmann with Mach, Ostwald and Planck,
and his influence on Nernst and Einstein, Plenary lecture,
16th International Congress on the History of Science, Bucharest
1981.

E. Broda, Boltzmann and Darwin, International Boltzmann Symposium on the
75th Anniversary of his Death, Vienna 1981, to be published.

E. Broda, Darwin and Boltzmann, 8th Kuhlungsborn Colloquium, Philosophical
and Ethical Problems of Biosciences: Darwin Today, 1981, to be
published.

E. Broda, Ludwig Boltzmann, Albert Einstein und Franz Joseph, Convegno:
Il ruolo della scienza nella letteratura austriaca nel secolo
ventesimo, Trieste 1981, to be published.

E. Broda, Ludwig Boltzmann als evolutionistischer Philosoph, Symposium:
Reaktionen auf naturwissenschaftliche Konzepte und Ideen in
anderen Wissenschaften des 19. Jahrhunderts, Gesellschaft fiir
Wissenschaften, Aachen 1982, to be published.
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E. Broda, Ludwig Boltzmann - man, physicist, philosopher, biologist, 
Opening lecture, First European Congress on Rheology, Graz 
1982, Rheologica acta, to be published.


